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Abstract: In this paper we study the effect of nonlinear phenomena in hollow core photonic crystal fiber 
when a microseconds laser pulses from diode laser source with 675 nm wavelength and 1 KHz, 5 KHz and 
10 KHz repetition rates propagate inside the fiber, the results showed that the spectral width of the pulse 
is broadening after passing the fiber due to the fiber nonlinearities. 
I. INTRODUCTION 
In 1999 the first hollow core photonic crystal fiber 
was reported by Russell and his coworkers as shown 
in figure (1). 
 
Figure (1):  Schematic of the cross-section of the 
first hollow-core PCF [1]. 
PCFs have a periodic array of microholes that run 
along the entire fiber length. They typically have 
two kinds of cross sections: The first type is an air–
silica cladding surrounding a solid silica core (solid 
– core photonic crystal fibers) and the second type  
an air–silica cladding surrounding a hollow 
core(hollow core photonic crystal fibers)or (HC-
PCFs). The light-guiding mechanism of the former 
is provided by means of a modified total internal 
reflection (index guiding), while the light-guiding 
mechanism of the latter is based on the photonic 
band gap effect (PBG guiding) [2]. The number, 
size, shape, and the separation between the air-holes 
as well as the air-hole arrangement are what confer 
PCFs unique guiding mechanism and modal 
properties. This gives PCF many unique properties 
such as single mode operation over a wide 
wavelength range, very large mode area, and 
unusual dispersion. Because of their freedom in 
design and novel wave-guiding properties, PCFs 
have been used for a number of novel fiber-optic 
devices and fiber-sensing applications that are 
difficult to be realized by the use of conventional 
fibers [3]. 
The nonlinearities in optical fiber can be classified 
into two categories the first one occurs due to the 
refractive index dependence such as Self Phase 
Modulation (SPM), Cross Phase Modulation 
(CPM)and Four Wave Mixing (FWM). The second 
set of effect occur because of scattering effects in the 
fiber with the light – phonon interaction. In this 
category there are two main effects are stimulated 
Raman Scattering (SRS) and Stimulated Brillion 
Scattering (SBS). We discuss SPM, CPM and FWM 
in the following [4]. 
Self-Phase Modulation (SPM) 
Self-Phase Modulation (SPM) is nonlinear effects of 
light- matter interaction. [5]. SPM generates 
additional frequency components due to the picture 
of amplitudes and independent on the intensities. 
The amplitude contributions from SPM interfere 
with those amplitudes which are already present in 
the pulse. The spectrum will become broader when 
the interference is constructive in the spectrum 
wings otherwise the spectrum pulse will compress if 
the interference is destructive. [6].in the systems 
with high- transmitted power the SPM effects are 
more pronounced because the chirping effect is 
proportional to transmitted power. When an 
ultrashort or short pulse of light traveling in the fiber 
the medium refractive index will varying due to 
Kerr- effect, this refractive index variation will 
produce a phase shift in the pulse [7]. 
The phase ∅ is given by: 
∅ =
2π
λ
nL (1) 
Where:  λ is wavelength of optical pulse propagation 
in fiber with length L and refractive index n and nL 
is called optical path length. 
For high power transmitted in fiber the n and L is 
replaced by neff and Leff respectively above equation 
become: 
ϕ =
2π
λ
neffLeff                                        (2)   
Or 
ϕ =
2π
λ
(nL + nnlI)Leff                            (3) 
Where: neff =  nL + nnlI ; nL is the linear refractive 
index and nnl is nonlinear refractive index.  
The total phase shift is given by: 
ϕ = ϕl + ϕnl                                        (4)       
There are two important applications of SPM 
concept in solitons and in pulse compression. 
Cross phase Modulation (CPM or XPM) 
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 Is nonlinear phenomenon occurring when two or 
more optical pulse propagates simultaneously, the 
CPM is always accompanied by SPM and occurs 
because the nonlinear refractive index seen by an 
optical beam depends not only on the intensity of 
that beam but also on the intensity of the other 
copropagating beams [8]. Asymmetric spectral 
broadening and distortion in the pulse shape may 
causes due to CPM. The effective refractive index 
on nonlinear medium in terms of the input power 
(Po) and the effective cross section area (Aeff) is 
given by: 
neff = nl + nnl
Po
Aeff
                                    (5)      
If the fiber modes are affected by the nonlinear 
refractive index, the mode shape does not change but 
the propagation constant becomes power dependant 
as: 
Keff = Kl + KnlP 
Where: Kl is linear portion of propagation constant 
and Knl is nonlinear portion of propagation constant. 
The nonlinear phase shift is given by: 
∅nl = ∫ (Keff − Kl)
L
0
dz                                            (6)    
L is the fiber length hence: 
∅nl = KeffPoLeff                                                       (7)   
When two optical powers propagate simultaneously 
the nonlinear phase shift of the first channel (∅nl
1 ) 
depends on the signal powers of the two channels, 
∅nl
1  is given by: 
∅nl
1 = KeffLeff(P1 + 2P2)                                         (8)  
For N- channel transmission system the nonlinear 
phase shift of ith channel can express as [13]: 
∅nl
i = KeffLeff(Pi + 2 ∑ Pn
N
n≠i )                                   (9) 
The factor 2 indicates that CPM is twice as effective 
as SPM for the same amount of power [5]. The first 
term in the equation (9) represents the SPM 
contribution and the second term that of CPM. The 
CPM phenomenon is used in optical switching and 
pulse compression. 
Four wave Mixing (FWM) 
The Four Wave Maxing (FWM) process originates 
from third order nonlinear susceptibility χ3, suppose 
there are three optical fields with carrier frequencies 
ω1, ω2 and ω3 copropagate inside the fiber 
simultaneously a fourth field will generate with 
frequency ω4 due to χ
3, which is related to the other 
frequencies by the relation: 
ω4 = ω1±ω2±ω3                                 (10) 
In quantum mechanics the FWM occurs when 
photons from one wave or more are annihilated and 
new photons are created at different frequencies, the 
net energy and momentum are conserved during the 
interactions. The FWM process is used to reduce the 
quantum noise through squeezing phenomenon [9].  
II. EXPERIMENTAL PART 
 In this work we used diode laser (Omega laser 
system limited) model Xp, Serial No: 2199.the 
source wavelength is 675nm it generates a pulse 
about 105 µs ,35 µs and 25 µs at repetition pulse rate 
1 KHz, 5 KHz and 10 KHz respectively and average 
optical power is 30mW. For our experiment, we 
chose three repetition rates (1, 5 and 10kHz) of the 
laser pulse under different temperatures (40, 
45,50,55,60,65,70,75 and 800𝑐). 
We measured the output spectra for different 
temperatures using Thorlabs compact spectrometer 
CCS 200/M with a resolution  ∆λ < 2𝑛𝑚. In order 
to measure the spectral width variation, the laser 
output pulses from the fiber is directed towards the 
Thorlabs spectrometer. The pulse entering the 
Hollow core photonic crystal fiber has an initial 
pulse duration 105 µs, 35 µs and 25 µs. 
III. RESULTS AND DISCUSSION 
 The laser pulse with 675 nm and 30 mW average 
powers entering the hollow core photonic crystal 
fiber with 0.27 m length has an initial pulse duration 
105 µs, 1 KHz repetition rate Bandwidth value is 
1.7247 nm measured with a resolution of 2 nm. By 
using initial pulse duration 35 µs, 5 KHz repetition 
rate the pulse bandwidth is become 1.9658nm and 
the results showed the initial spectral width of the 
laser pulse is become 1.7819 nm when using pulse 
duration with 35 µs, 10 KHz repetition rate, all these 
initial bandwidth of the laser pulse are broadening 
under the temperature as shown in table (1) 
Table (1): The numerical values of spectral width 
variation of 675 nm wavelength at 1, 5 and 10 KHz 
repetition rate with 105, 35 and 25 µs pulse duration 
respectively. 
T (0C) ∆λ (nm) 
at 1KHz 
∆λ (nm) 
at 5 KHz 
∆λ (nm) 
at 10 
KHz 
80 2.0348 2.7266 2.4125 
75 2.5307 2.6935 2.5555 
70 1.9291 2.1159 2.2477 
65 2.0690 2.1885 2.7216 
60 2.3679 2.5888 2.1083 
55 1.7434 2.1482 2.0985 
50 2.1896 2.6059 2.7014 
45 2.0433 2.4939 2.3570 
40 2.2207 2.0870 1.4150 
room 2.2270 3.7011 2.698 
Initial 
bandwidth 
1.7247 1.9658 1.7819 
By looking at table (1) the pulse spectral width is 
broadened always after injection in the fiber, but this 
broadening in spectral width is nonlinear, except the 
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pulse width at 400C for 10KHz was reduced from its 
initial value1.7819 nm to 1.4150 nm because the 
self-phase modulation (SPM) induced phase shift 
(down chirp), this shift lead to compress the pulse 
bandwidth at this point. 
Figure (2) illustrates the relation between the 
variations in the spectral width for 675 nm and the 
temperature. 
 
Figure (2): spectral width variation of laser pulse 
(675 nm) at three repetition rates in different 
temperatures. 
From the experimental results the pulse spectral 
width is increased by the effect of SPM and GVD 
after the pulse passes the fiber at different 
temperatures. The spectral broadening is arises from 
the fiber nonlinearities which generate phase shift 
compensation through the SPM by the optical Kerr 
effect. While GVD depends on the pulse 
wavelength, its effect on signal distortion increases 
the spectral width of pulse, this distortion is arises 
from the fiber refractive index as wavelength 
function. 
The nonlinearity changes in pulse spectral width at 
different temperatures occurring due nonlinearity 
behavior of this fiber type. 
IV. CONCLUSIONS 
An analysis of the performance of the microsecond 
laser pulse that propagates in hollow core photonic 
crystal fiber has been represented. 
The results showed that the pulse spectral width is 
affected with temperature 
The spectral width of the pulse is broadened under 
different set of temperature nonlinearly. 
The variation in pulse spectral width is independent 
for the pulse repetition rate. 
The fluctuation in the spectral width variation in 
different temperature is due to the change in the 
refractive index which is wavelength function 
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